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Abstract 

Developing alternative energy sources to replace traditional fossil fuels has become 
increasingly important along the years. One major target has been the search for raw-
materials that do not compete with the use for food purposes. Among these the use of 
triglycerides- producing microorganisms such as Rhodosporidium toruloides can be 
envisaged. This yeast produces high yields of lipids and carotenoids being the latter high 
added value compounds.    

The main purpose of this work was the production of R. toruloides biomass and its 
saponification for the extraction of carotenoids and lipids. A fed-batch fermentation for 
biomass production was carried out at 30ºC and pH 4, using glucose as carbon source. 
The final concentration of biomass was 102.3 g dry biomass/L and, at the end, the 
bioreactor’s content was harvested by centrifugation to be used for saponification 
assays. 

The carotenoid and fatty acid extraction process optimization was performed in different 
steps which included experimental planning using a central composite design for 3 
variables. The best conditions towards an industrial processing plant for carotenoid 
recovery were found to be the direct use of cells harvested by centrifugation (wet 
biomass) and saponification with a KOH solution at 1.1M in ethanol 96% (v/v), at 65ºC 
for 180 min, without a special atmosphere (under air).  However, at the end of the 
extraction step, the yeast cells were still coloured and a re-extraction procedure was 
carried out allowing the increase in process yield by 41%. 

Keywords: Carotenoids, Rhodosporidium toruloides, Fatty acids, Saponification, 

Biomass production. 

1 - Introduction 

The utilization of yeasts to obtain 
valuable products for humans has a long 
history. Since the beginning of human 
development, these are used for the 
production of food products such as 
beer, bread, and other though 
fermentation processes.  

1.1 - Rhodosporidium toruloides 

Rhodosporidium toruloides is a 
mesophilic yeast (Rossi et al., 2011) 
belonging to the Basidiomycota phylum 
in the Fung kingdom (Banno, 1967; 
Morrow and Fraser, 2009; UniProt, 
2015). This yeast was also identified as 
Rhodotorula glutinis, Rhodotorula 
gracilis (Zhu et al., 2012) and 
Rhodotorula rubescens (UniProt, 2015). 



It is a oleaginous yeast, able to produce 
and accumulate lipids in a range from 
20% to 75% of is dry weight (Li et al., 
2007; Zhou et al., 2012; Wiebe et al., 
2012). The lipids are accumulated 
during the early stationary phase 
(Somashekar and Joseph, 2000) and 
their production is induced through 
nutrient deprivation, especially nitrogen, 
in the presence of an excess of carbon 
source. This yeast is able to perform this 
lipogenesis using, for example, 
lignocellulosic bioresidues and glycerol. 
(Rossi et al., 2011). 

It is also a non-pathogenic red yeast 
(able to produce and accumulate 
carotenoids) (Manowattana, 2012; Qi et 
al., 2014). The carotenoids are 
secondary metabolites of R. toruloides 
produced during the late stationary 
growth phase (Somashekar and Joseph, 
2000).  

 

1.2 - Biofuels 

The term biofuel is attributed to any 
gaseous, liquid or solid fuel produced 
from biological raw materials (Demirbas, 
2009). 

The classification of the different 
biofuels is made by generation, based 
on the source of the raw material used. 
The first generation biofuels are made 
from food crops such as corn, sunflower 
and sugar-cane; the second generation 
biofuels are made from non-food crops 
such as lignocellulosic forest residues; 
and the third generation biofuels are 
made from microbiological sources such 
as yeast, molds, algae and bacteria 
(Demirbas, 2009; Ho et al., 2014; Naik et 
al., 2010).  

In Portugal, the term biodiesel is 
attributed to fatty acid methyl esters 
(FAME) that due to their properties 
similar to those of diesel can be used in 
diesel engines. The biodiesel is added to 
the traditional diesel in different  
proportions, but the most common 
combinations are the B2 (2% of 
biodiesel, 98% diesel), the B5 (5% 
biodiesel, 95% diesel) and the B20 (20% 
biodiesel, 80%diesel) (Ho et al., 2014). 

In Portugal, since 2010, the biodiesel 
incorporation rate is in 7% (v/v), being 
this fuel a B7 (PRIO, 2015). 

  

2 - Materials and methods  

2.1 - Microorganism 

The yeast used in this study was 
Rhodosporidium toruloides NCYC 921, 
obtained from The National Collection of 
Yeast Cultures, United Kingdom. The 
yeast was maintained at 4ºC in slants 
with malt agar culture medium after 
inoculation and incubation at 30ºC 
during 72h. 

 

2.2 - Culture media 

The base culture medium used for the 
growth of biomass contained 12.5g/l of 
KH2PO4, 1.0g/L of Na2HPO4, 5g/L 
(NH4)2SO4, 2.5g/L of MgSO4.7H2O, 
0.25g/L of CaCl2.2H2O, and 1.0 g/L of 
Yeast extract. To this base culture media 
were added small amounts of trace 
nutrients from a concentrated solution 
dissolved in HCl 5N (Pan et al., 1986). 
To the base media culture was also 
added glucose as a carbon source.  

 

2.2.1 - Pre-inoculum 

The cells growth  in the malt agar slants 
were inoculated in 1L erlenmeyer flasks 
(with baffles), containing 150mL of 
sterilized culture media with  35g/L of 
glucose (Pan et al., 1986). The pH value 
was adjusted and maintained at 4 using 
additions of HCl 5M or NaOH 5M. To 
avoid the Maillard reaction the glucose 
solution was sterilized separately and 
added to the culture medium that was 
already in the flask.  The pre-inoculum 
was grown in duplicate at 30ºC and 
agitated at 150rpm during 24h.  

 

2.2.2 - Cell growth 

The fermentation was performed in a 7L 
bioreactor (5L of working volume) with 4 
baffles, a Rushton turbine and an 
electric jacket, containing 2.85L of the 



base culture medium and an amount of 
salts for a final volume of 5L, at 30ºC and 
pH 4 (adjusted with addition of HCl 5N or 
NaOH 5N) and a dissolved oxygen 
concentration >40% of saturation (by 
controlling the aeration and agitation 
rates) to avoid growth limitation due O2 
depletion. This process lasted 7 days in 
a fed-batch regime. After the depletion of 
the carbon source feeding cycles were 
performed, using a peristaltic pump, of a 
solution containing yeast extract (20g/L),  
magnesium sulphate hepta-hydrate (9 
g/L) and glucose (600g/L) to allow the 
prolongation of the exponential growth 
phase. After the onset of the stationary 
phase a concentrated glucose solution 
(600 g/L) was added to promote the 
production of carotenoids and lipids. 

 

2.3 - Extraction of carotenoids and 

fatty acids from R. toruloides biomass 

2.3.1 - Base procedure 

The base procedure for carotenoid and 
FA extraction from the R. toruloides 
biomass, was based on the method 
proposed by González (González et al., 
1998). Thus, 100mL capped erlenmeyer 
flasks with 2.5g/L of wet biomass (WB) 
and 38mL of an ethanol solution 
containing a basic catalyst were 
incubated, after atmosphere 
conditioning, at a constant temperature 
and under agitation at 200 rpm.  After 
incubation, the liquid phase was 
recovered by filtration through G3 
Gooch crucibles (pore diameter 15 to 
40µm), and washed with 10mL of 
ethanol. The filtrate was analysed for FA 
content and after filtration through PTFE 
membranes for carotenoids content. All 
the assays were performed in duplicate 
and together with a control assay without 
biomass. 

 

2.3.2 - Basic catalyst selection 

To choose the best catalyst between 
KOH and NaOH, assays were carried 
out following the procedure described in 
2.3.1. The KOH and NaOH solutions at 
0,340M were prepared in 96% (v/v) 

ethanol and the incubation was 
performed at 55ºC during 1h at 200rpm.  
The final alcoholic extract, after 
carotenoid and saponified product 
quantification, was submitted to multiple 
treatments also described in González 
et al. (González et al., 1998) for the 
separation and characterization of the 
FA and carotenoids. After this multiple 
treatments, the final phases containing 
the purified FA were analyzed by GC 
after derivatization with BF3 method. 

 

2.3.3 - Biomass pretreatment selection 

Following the procedure described in 
2.3.1, 2.5g of wet biomass or its 
equivalent weight following different 
pretreatments, was incubated in a 
0.340M KOH solution in ethanol 96% 
(v/v), at 55ºC during 1h under different 
atmospheres (air, argon and nitrogen). 
In this study the biomass was submitted 
to different pretreatments and the results 
were compared to those obtained using 
biomass without pretreatment.  In the 
treatment with glass beads, 1g of glass 
beads, was added to tubes on ice 
containing 2.5g of wet biomass, and the 
disintegration was conducted by 5 
cycles interspersing 1 min stirring in a 
vortex, with 1 min resting on ice. Two 
sizes of glass beads were tested, 425-
600µm and 2 mm in diameter. In the 
treatment by homogenization, the wet 
biomass, was subjected to 
homogenization at 8000 rpm for 5 min. 
In the treatment in the ball mill, the wet 
biomass, was disintegrated with 2 metal 
balls of 10mm diameter, in each beaker 
for 5 min at 25 Hz. In the biomass drying 
treatment, the biomass pre-weighed into 
petri dishes was dried in an oven at 60°C 
until reaching a constant weight. Finally 
in the lyophilization treatment, the 
biomass was frozen at a temperature of 
-18°C and was then lyophilized at -54°C.  

 

2.3.4 - Temperature selection 

In the assays for the extraction of 
carotenoids and FA from the R. 
toruloides biomass, a study to select the 
best incubation temperature was carried 



out, by incubating 2.5g of wet biomass at 
different temperatures in a range of 35ºC 
to 80ºC, during 1h in a 0,340M KOH 
solution in ethanol 96% (v/v)), under 
different atmospheres (air, argon and 
nitrogen). 

 

2.3.5 – Optimization of extraction by the 
central design methodology 

For the optimization of the remaining 
process parameters (KOH and ethanol 
concentrations and incubation time) a 23 

central composite design (CCD) was 
used. The levels used are given in Table 
1.   

 

Table 1 – Levels of the CCD for the study of the 
influence of 3 factors, KOH concentration, 
ethanol concentration, and incubation time, on 
the extraction of carotenoid and FA from R. 
toruloides biomass. 

Factor  Level  

 -1.682 -1 0 +1 +1.682 

KOH 
(M) 

0.20 0.48 0.90 1.32 1.60 

EtOH 
(% 
v/v) 

80.0 84.1 90.0 95.9 100.0 

Time 
(min) 

30 60 105 150 180 

 

2.4 – Analytical methodologies 

2.4.1. – Flow cytometry 

Samples taken from the fermentation 
were subjected to ultrasound at 35kHz 
during 10s to disperse cell aggregates 
(Silva et al., 2004). After that the 
samples were diluted in phosphate 
buffer at pH 7.3 and filtered (0.2 μm 
pore).  

Through previous works a correlation 
was established between the cellular 
auto fluorescence reading in the 
photomultipliers and the amount of total 
carotenoids quantified by HPLC and 
gravimetry, thus making it possible to 
measure the total carotenoids content 
through flow cytometry (Freitas et al., 
2014).  

 

2.4.2 – Characterization and quantification 
of fatty acids 

To each extract 4mL of methanolic 
NaOH solution (0.5M) was added in a 
flask.  The flask was heated in 
thermostatic bath at 85ºC, keeping a 
reflux, with gentle agitation. After 10min 
5ml of BF3 in methanol (15%) was added 
through the condenser and the mixture 
was kept in boiling for another 30min, 
after which 3mL of iso-octane were 
added. The flask was removed from the 
bath and 20mL of a saturated solution of 
NaCl in water were added, with strong 
shaking during 15s. After this a new 
addition of saturated NaCl solution was 
done until the flask content achieve the 
flask neck. After phase separation the 
ligth iso-octane phase was transferred to 
a tube, through a filter with anhydrous 
sodium sulfate to eliminate any residual 
water.   To determine the composition of 
the fatty acids in the derivatized 
samples, 15mg of internal standard (IS) 
methyl heptadecanoate was added to 
1,5mL of each filtered sample in 
stoppered tubes. The solutions 
containing the methyl esters of fatty 
acids from the derivatized samples were 
injected (1µl) in a GC to quantify each 
fatty acid in the mixture. The methyl 
esters were identified by their retention 
times in the chromatogram by 
comparison with the IS and a reference 
mixture.  

 

2.4.3- Quantification of carotenoids by HPLC  

The determination of the content of 
carotenoids in the samples was 
performed at room temperature by high 
performance liquid chromatography 
(HPLC) in an apparatus fitted with a 
silica μbondapak C18 column from 
Waters (25cmx 4mm), a UV detector (at 
450nm) and an injection loop of 20μL. 
Samples were eluted at a flow rate of 0.8 
mL/min with a mixture containing 
acetonitrile, methanol (with 0.1% TEA) 
and ethyl acetate in volume proportions 
of 75:15:10.  



2.4.5 – Quantification of the saponified 
compounds 

The determination of the biomass 
content in saponified compounds was 
performed indirectly by the titration of the 
base not consumed in the saponification 
reaction with hydrochloric acid in the 
presence of phenolphthalein. The 
analyzed sample volume was 15ml. 

 

3 - Results   

3.1 – Cell growth of R.toruloides.  

The cell growth in the bioreactor was 
quantified by readings of O.D at 600nm 
on collected samples, using the 
equation (Sousa, 2014):   

𝐷𝑟𝑦 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 (𝑔/𝐿) = 0,7062 ∗
𝑂. 𝐷600𝑛𝑚 + 0,4338. (1) 

At the end of the fermentation, at 187h, 
the biomass concentration was 102.3 
g/L.  

 

3.2 - Total carotenoids content 

The carotenoids content in the biomass 
was calculated by correlation with the 
reading obtained on the FL2 detector of 
the flow cytometer. Carotenoid 
production reached a maximum after 
187h of fermentation with a value of 
0.187mg/g dry biomass. 

 

3.3 - Lipids  

The maximum lipid content of the 
biomass was reached at 118h with a 
value of 26% (g/g dry biomass). At the 
end of the fermentation the total fatty 
acids weight content was 24g/100g of 
dry biomass. 

 

3.4 – Extraction of fatty acids and 
carotenoids  

For the optimization of the extraction 
procedure two different lots of biomass 
were used. The biomass used for the 
assays of the effects of temperature, 
atmosphere type and disruption method 

was derived from a fermentation run in 
slightly different conditions from those 
described above (process 2,  pH=5.5; 
agitation=600rpm) (Sousa, 2014). The 
production process described above 
(process 1) generated biomass which 
was used for the parameter optimization 
tests using the central composite design 
methodology. The 2 lots presented a 
slightly different composition in terms of 
carotenoids and lipids as shown in Table 
2. 

 

Table 2 – Composition of lots of biomass used for 
the extraction trials of fatty acids and carotenoids. 

 Carotenoids 
(mg/gWB) 

Fatty acids 
(%w/w DB) 

Process 
1  

0.187 24.4 

Process 
2  

0.263 24.2 

 

3.5 – Choice of the basic catalyst 

The first step of the extraction studies 
aimed to choose the best catalyst 
(between NaOH and KOH) for the 
saponification of the biomass. It was 
possible to determine that the use of 
NaOH favored the extraction of both the 
fatty acids and the carotenoids, as can 
be seen in Table 3. 

 

Table 3 - Effect of the basic catalyst (NaOH, 
KOH) on the saponification of the wet biomass of 
R. toruloides (T = 55°C; 1h; air; catalyst = 0,340M; 
V =15.2 ml/g wet biomass (WB)). The amounts of 
extracted carotenoids are expressed in HPLC 
chromatogram areas, AU/gWB. 

Catalyst 

Saponified 

compounds 
(meq/gWB) 

Carotenoids 
(AU/gWB) 

Fatty acids 
content  

(% (w/w)) 

KOH 1,30 ± 0,06 628,4 ± 10,4 7,01 

NaOH 1,55 ± 0,07 691,4 ± 90,4 7,57 

 

Using gas chromatography with 
derivatization it was possible to 
determine that the amount of fatty acids 
extracted from the incubated samples 
was similar in the two cases, with a 
concentration varying from 7 to 7.5% of 



the wet cell weight. Oleic acid (C 18:1) 
was the most abundant in both cases.  

Although the use of NaOH resulted in 
higher levels of extracted products than 
with KOH, the handling of the ethanol 
extract obtained with NaOH was much 
more difficult due to the emulsions 
formed, which were difficult to break in 
the extraction steps with hexane. Thus, 
it was decided to use KOH as base 
catalyst for the saponification of R. 
toruloides biomass. 

 

3.6 –Effect of biomass pretreatment 

Regarding the saponification efficiency 
there was a maximum of recovered 
saponified products at a value similar to 
that of untreated wet biomass 
(1.38meq/gWB) for the biomass which 
had been disintegrated in a ball mill, 
under an atmosphere of air. These 
results can be seen in Figure 1. 
Regarding the extraction of carotenoids 
a maximum value was obtained in the 
test with intact cells (Figure 2).  

 

 

Figure 1 – Influence of the biomass pretreatment 
method and atmosphere on the efficiency of 
saponification of R. toruloides biomass (●) air, 

(▲) nitrogen, (■) argon. (T=55ºC; 1h; 
KOH=0.340M in ethanol 96%; V=15.2 mL/gWB). 
Pretreatments, I – intact cells, L – lyophilized, D – 
dried, H – homogenized, Gb2 – glass beads 
2mm, Gb- glass beads 0.5mm and M – ball 
milled. 

 

 

 

Figure 2 – Influence of the biomass pretreatment 
method and atmosphere on the efficiency of 
carotenoids extraction from R. toruloides biomass 
(●) air, (▲) nitrogen, (■) argon. (T=55ºC; 1h; 
KOH=0.340M in ethanol 96%; V=15,2 mL/gWB). 
Pretreatments, I – intact cells, L – lyophilized, D – 
dried, H – homogenized, Gb2 – glass beads 
2mm, Gb- glass beads 0.5mm and M – ball 
milled.  

 

The decrease in extraction efficiency of 
carotenoids under air is only 7% when 
compared to the use of argon, so it does 
not justify the resources needed to apply 
the atmosphere conditioning at an 
industrial scale.  

 

3.7 –Effect of temperature 

The influence of temperature on the 
extraction yield of carotenoids and fatty 
acids was also studied using a range of 
incubation temperatures from 35 °C to 
80 °C. 

For the saponified compounds, the most 
favorable conditions were 80°C under 
an air atmosphere, corresponding to 
1.61meq/gWB of saponified compounds 
(Figure 3). 

 

 

Figure 3 – Influence of temperature and 
atmosphere on the efficiency of saponification of 
R. toruloides biomass ((●) air, (▲) nitrogen, (■) 
argon). (1h; KOH=0.340M in ethanol 96%; 
V=15.2 mL/gWB).  
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Regarding the carotenoids the most 
favorable conditions for extraction were 
80°C under an argon atmosphere, as 
can be seen in Figure 4. 

 

 

Figure 4 - Influence of temperature and 
atmosphere on the efficiency of carotenoids 
extraction from R. toruloides biomass ((●) air, (▲) 
nitrogen, (■) argon). (1h; KOH=0,340M in ethanol 
96%; V=15,2 mL/gWB).  

 

Overall, the most advantageous 
conditions in terms of industrial 
processing were a temperature of 65°C 
under an air atmosphere, which allow 
the extraction of more saponifiable 
compounds and more carotenoids (both 
maximal in those conditions) than at 
55°C under air. 

 

3.8 - Optimization of the extraction 
parameters using central composite 
design 

To optimize the 3 remaining parameters 
incubation time, and catalyst and 
ethanol concentrations, a factorial 
design with 3 variables (23), was used, 
expanded to a central composite design 
(CCD). The outcome variables were the 
amounts of saponified products and 
extracted carotenoids. In these tests, R. 
toruloides wet biomass was used under 
air and at an incubation temperature of 
65°C. The results obtained in the assays 
were treated by ANOVA using the 
Statistica 10 software, in order to obtain 
the mathematical model shown in Table 
4. 

Using the equations obtained by the 
model, graphs were drawn that allow an 
easier visualization of the dependence 

of the outcome variable on the 
parameters of the system. 

 

Table 4 - Polynomial equations predicting the 
extraction efficiencies of saponifiable compounds 
and carotenoids for the saponification of wet 
biomass of R. toruloides at 65°C under air (V 

=15.2 ml / g BH). KOH – base concentration in M; 
EtOH – ethanol concentration in volume %; time 
– incubation time in min. 

Equation R2 

Saponified (meq/gBH ) = - 22.6124-
3.2663*KOH+ 
0.7490*KOH2+0.6014*EtOH-
0.0037*EtOH2 
+0.0034*time+0.0001*time2+0.0395
*KOH*EtOH-0.0117*KOH*time-
0.0002*EtOH*time 

0.7542 

Carotenoids (AU/gBH)  = -
13116.0575+509.7893*KOH-
355.5764*KOH2+279.8469*EtOH-
1.4204*EtOH2 -
4.3119*time+0.0063*time2+1.9108*
KOH*EtOH+0.4820*KOH*time+ 
0.0394*EtOH*time 

0.8506 

 

 

Due to the fact that in this system 
carotenoids are the products with higher 
added value it was decided that the 
optimal conditions to be selected should 
be those providing maximum extraction 
of these compounds namely, 180 min 
extraction with a 1.1M KOH solution in a 
volumetric concentration of ethanol of 
100% leading to an extraction yield of 
1237 AU/gWB. However, 100% ethanol 
is more expensive than the commonly 
sold grade of 96%. Thus, applying the 
model considering a volume 
concentration of 96% for ethanol, the 
optimal extraction conditions for 
carotenoids result in 1194 AU/gWB. This 
represents a reduction of less than 3% 
of extracted carotenoids compared to 
the absolute optimal conditions defined 
by the model. Concerning the saponified 
products, applying the model using the 
optimal extraction conditions for 
carotenoids and considering a volume 
concentration of 96% for ethanol, the 
result is 2.38 meq/gWB. Given the 
inherent monetary savings from using 
the lower grade ethanol, this volumetric 
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concentration was selected for the 
model validation test.  

In the model validation test (KOH = 

1,1M; Ethanol = 96% v/v; t = 180min; V 

= 15mL, T = 65ºC, 2 mL/gWB) the 

obtained result was 1223,6± 98.2 

AU/gWB for carotenoids and 2.03 ± 0.13 

meq/gWB for the saponified 

compounds.  

As throughout the work it was found that 
at the end of each extraction the 
remaining biomass still presented some 
color, an assay of re-extraction was 
performed, using the same conditions of 
the validation test. It was still possible to 
extract 720.3 AU/gWB of carotenoids 
and 1.86 meq/gWB of saponified from 
the residual biomass. 

 

4 – Discussion 

In a first phase of the optimization of the 
process parameters for oils and 
carotenoids extraction from R. toruloides 
biomass, the efficiencies provided by 
two basic catalysts, KOH and NaOH, 
were compared. It was found that NaOH 
provided the best results for both. 
However KOH was elected as the best 
catalyst since the handling of the 
ethanolic extract obtained with NaOH 
was more difficult in the subsequent 
steps of extraction with hexane. 

A characterization of the profile of fatty 
acids in the extract, showed that the 
most abundant fatty acid produced by R. 
toruloides was oleic acid (18: 1). This 
result is in line with a previous report 
(Sawangkeaw and Ngamprasertsith, 
2013), where it is stated that this is the 
most abundant fatty acid in the yeast R. 
toruloides, representing 4 -41% of the 
total fatty acids produced by the yeast. 

The influence of pretreatments of R. 
toruloides biomass on the extraction 
yield, was subsequently studied, the 
highest yield of saponified products 
being obtained with wet biomass treated 
in a ball mill under an air atmosphere, 
namely 1.40 meq/gWB. It was observed 
that the extraction yield was promoted 
by disruption of the cell membrane, 

providing a more efficient release of 
intracellular saponifiable compounds. In 
the recovery of carotenoids, the most 
favorable conditions were the use of wet 
intact biomass, under an argon 
atmosphere, reaching a maximum yield 
of 853.4 AU/gWB. In the same extraction 
conditions, but under atmospheres of 
nitrogen and air, yield values of 831.6 
and 790.9 AU/gWB, respectively, were 
obtained. However, as the difference in 
yield between the processes under 
argon and under air was only 62.5 
AU/gWB, at an industrial scale this 
difference does not justify the additional 
cost of the atmosphere conditioning. 

Subsequently, the effect of incubation 
temperature on the extraction yields of 
saponified products and carotenoids 
was examined. For saponified 
compounds a maximum value of 1.61 
meq/gWB was obtained for a 
temperature of 80°C, under air. This 
apparently corroborates the hypothesis 
that the saponification and extraction of 
oils are favored by rupturing the cell 
membrane, in this case through a 
thermal effect. However, for 
carotenoids, the best results were 
obtained at 80 °C under argon, with a 
value of 856.4 AU/gWB. A maximum of 
extraction yield was also obtained in 
tests under air, and this option was firmly 
chosen. In terms of process 
temperature, as the carotenoids present 
an added value higher than saponified 
compounds, it was decided to select 
65°C as a compromise value. 

Based on a process temperature of 
65°C under air, using wet biomass 
without pretreatment, a factorial design 
for 3 parameters was used to optimize 
incubation time, KOH concentration and 
ethanol concentration. From this set of 
programmed tests, it resulted that the 
conditions for maximal extraction of 
carotenoids were 180 min incubation 
with a KOH concentration of 1.1 M in 
100% (v/v) ethanol. The maximum 
saponification yield was predicted for a 
180 min of incubation period with a KOH 
concentration of 0.2 M in 80% ethanol 
(v/v). As pure ethanol is significantly 
more expensive compared to 96% 



ethanol (v/v), the use of this grade was 
considered. In the validation assay of the 
latter condition, it was found that 
changing the volumetric ethanol 
concentration from the optimal indicated 
by the model led to a reduction in the 
carotenoids extraction yield of only 3%, 
which does not offset the additional cost 
of using pure ethanol. 

From all of the aforementioned assays 
can be concluded that, the conditions to 
be used for the industrial process of 
saponification and extraction of 
carotenoids from R. toruloides biomass 
are wet biomass without any 
pretreatment, in a process with no 
atmospheric conditioning (under air), 
using 1.1 M KOH in 96% ethanol (v / v) 
for 180 min at 65 ° C.  

 

5- Conclusions 

Through this study it was possible to 
optimize the yields of extraction of 
saponified compounds and carotenoids 
from R. toruloides biomass. Values 
evolved from 1.38 meq/gWB and 790.9 
AU gWB (initial values from the base 
conditions) to 2.03 meq/gWB and 
1223.6 AU/gWB in the optimized 
conditions, representing 32% and 35 % 
of increase, respectively.  

In the selection of the basic catalyst, it 
was found that, despite the use of NaOH 
provided the most favorable results in 
terms of extraction yields, KOH is 
preferred in order to avoid the formation 
of emulsions that adversely affect the 
subsequent extraction process with 
hexane.  

It was also concluded that the increases 
in, the extraction yields of saponified 
products and carotenoids, provided by 
applying pretreatments (cell rupture) to 
the biomass and the use of atmospheric 
conditioning with argon or nitrogen, 
would probably not justify the additional 
costs.  

Finally, it was found that a good 
compromise for saponification and 
extraction of carotenoids results from 
the application of 1.1 M KOH in 96% 

ethanol (v / v) for 180 minutes at 65°C. 
A second extraction step, using these 
same conditions, on the residual 
biomass, allows an additional recovery 
of carotenoids of 41% that can justify its 
implementation at an industrial level.  
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